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It is important to remark that, whereas the tangent space
indices are raised and lowered with the metric 
ab
, the













A nontrivial tetrad eld induces on spacetime a tele-
parallel structure which is directly related to the presence

















which is a connection presenting torsion, but no curva-
ture [14]. As a natural consequence of this denition, the



















This is the absolute parallelism condition. The torsion of











from which we see that the gravitational eld strength is













The Cartan connection  


and the Levi-Civita connec-












































































is a tensor written in terms of the Cartan connection
only. As usual in gauge theories, it is quadratic in the
eld strength. By using relation (12), this lagrangian can
be rewritten in terms of the Levi-Civita connection. Up
to a total divergence, the result is the Hilbert-Einstein










where the identication h =
p
 g has been made.




, we obtain from the gauge lagrangianL
G
the telepar-





















































stands for the gravitational gauge current, which in this
case represents the energy and momentum of the gravi-
tational eld. The term (hS
a

) is called superpotential


















) = 0: (18)

































= 0 ; (20)
where D

is the teleparallel version of the covariant
derivative, which is nothing but the Levi-Civita covari-
ant derivative of general relativity rephrased in terms of
the Cartan connection [16]. As can be easily checked, j
a

transforms covariantly under a general spacetime coordi-
nate transformation, and is invariant under local (gauge)




is a true spacetime and gauge tensor. However, it
transforms covariantly only under a global tangent-space
Lorentz transformation.
Let us now proceed further and nd out the relation
between the above gauge approach and general relativity.





, the eld equation (16)


































stands for the teleparallel version of the canonical energy-
momentum pseudotensor of the gravitational eld. De-
spite not explicitly apparent, as a consequence of the local
Lorentz invariance [17] of the gauge Lagrangian L
G
, the
eld equation (21) is symmetric in (). Furthermore,
by using Eq. (12), it can be rewritten in terms of the
Levi-Civita connection only. As expected, due to the
equivalence between the corresponding Lagrangians, it is















= 0 : (23)




not simply the gauge current j
a

with the algebraic index
\a" changed to the spacetime index \". It incorporates






















We see thus clearly the origin of the connection-term







. Through the same mech-
anism, it is possible to appropriately exchange further
terms between the derivative and the current terms of the
eld equation (21), giving rise to dierent denitions for
the energy-momentum pseudotensor, each one connected
to a dierent superpotential (hS






), the pseudotensor (ht


) is conserved as a






) = 0 : (25)
However, in contrast to what occurs with j
a

, due to the
pseudotensor character of t


, this conservation law can
not be rewritten with a covariant derivative.
Because of its simplicity and transparency, the telepar-
allel approach to gravitation seems to be much more ap-
propriate than general relativity to deal with the energy
problem of the gravitational eld. In fact, Mller already
noticed a long time ago that a satisfactory solution to the
problem of the energy distribution in a gravitational eld
could be obtained in the framework of a tetrad theory. In
our notation, his expression for the gravitational energy-




















which is nothing but the usual canonical energy-momen-
tum density yielded by Noether's theorem. Using for L
the gauge Lagrangian (14), it is an easy task to verify that
Mller's expression coincides exactly with the telepar-
allel energy-momentum density appearing in the eld
equation (21-22). Since j
a





is not, we can say that the gauge current j
a





. Mathematically, they can be obtained from
each other by Eq. (24). It should be remarked, how-
ever, that both of them transform covariantly only under
global tangent-space Lorentz transformations. This is,
we believe, the farthest one can go in the direction of a
tensorial denition for the energy and momentum of the
gravitational eld. The lack of a local Lorentz covari-
ance can be considered as the teleparallel manifestation
of the pseudotensor character of the gravitational energy-
momentum density in general relativity. Accordingly, we
can say that, if it were possible to dene a local Lorentz
covariant gauge current in the teleparallel gravity, the
corresponding general relativity energy-momentum den-
sity would be represented by a true spacetime tensor.
The results can be summarized as follows. In the con-
text of a gauge theory for the translation group, we have




gravitational eld which transforms covariantly under
spacetime general coordinate transformations, and is in-
variant under local (gauge) translations of the tangent-




true spacetime and gauge tensor. By rewriting the gauge
eld equation in a purely spacetime form, it becomes
equivalent to Einstein's equation of general relativity, and
the gauge current j
a

reduces to the canonical energy-
momentumpseudotensor of the gravitational eld, which
coincides with Mller's well-known expression. In the or-
dinary context of general relativity, therefore, the energy-
momentum density for the gravitational eld will always
be represented by a pseudotensor.
According to the quasilocal approach, to any energy-
momentum pseudotensor there is an associated superpo-
tential which is a hamiltonian boundary term [7]. On
the other hand, the teleparallel eld equations explic-
itly exhibit both the superpotential and the gravitational
energy-momentum complex. We see then that, in fact,
by appropriately exchanging terms between the superpo-
tential and the current terms of the eld equation (21),
it is possible to obtain dierent gravitational energy-
momentum pseudotensors with their associated superpo-
tentials. In this context, our results can be rephrased
according to the following scheme. First, notice that the
left-hand side of the eld equation (21) as a whole is
a true tensor, though each one of its two terms is not.
Then if we extract the spurious part from the rst term
| so that it becomes a true spacetime and gauge tensor
| and add this part to the second term | the energy-
momentum density | it becomes also a true spacetime
and gauge tensor. We thus arrive at the gauge-type
eld equation (16), with (hS
a

) as the superpotential,
3
whose corresponding expression for the conserved energy-




, though transforming covariantly only under a global
tangent-space Lorentz transformation, is a true space-
time and gauge tensor.
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